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(57) ABSTRACT

To provide a linear light source device (1) arranged on a
lateral surface of a light guide plate, comprising: a plurality of
linear light source assemblies (3) each including an elongated
substrate and a plurality of light emitting elements linearly
mounted on one of main surfaces of the sub substrate; and a
main substrate (2) having mounted thereon the linear light
source assemblies (3). With this structure, even if the linear
light source device (1) is elongated, luminance unevenness is
hardly caused in planar light emitting devices and liquid
crystal display devices.
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LINEAR LIGHT SOURCE DEVICE, PLANAR
LIGHT EMITTING DEVICE AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a linear light source
device available for a planar light emitting device or the like
of aliquid crystal display device of mobile phones and digital
cameras for example, and to a planar light emitting device and
a liquid crystal display device that include the linear light
source device.

BACKGROUND ART

[0002] Conventionally, linear light source devices and pla-
nar light emitting devices that include light emitting elements
such as LEDs (Light Emitting Diodes) as light sources have
been used.

[0003] For example, Patent Document 1 discloses a planar
light emitting device that includes a plurality of chip LEDs
arranged on a lateral surface of a light guide plate. Each of the
chip LEDs includes one light emitting element therein, and is
independently mounted on one printed substrate.

[0004] Also, Patent Document 2 discloses a planar light
emitting device that includes one linear light source device
arranged on a lateral surface of a light guide plate. This linear
light source device is composed of a plurality of light emitting
elements that are mounted on one elongated substrate and are
modularized by sealing with resin.

[0005] Patent Document 1: Japanese Patent Application
Publication No. 2001-67917

[0006] Patent Document 2: Japanese Patent Application
Publication No. 2004-235139

DISCLOSURE OF THE INVENTION
Problems the Invention is Going to Solve

[0007] Recently, liquid crystal display devices have
become general-purpose, and the screen size thereof has been
increasing. For example, although the screen size of liquid
crystal display devices used for mobile phone devices ranges
from only 2 to 3 inches (5.08 to 7.62 cm), the screen size of
liquid crystal display devices used for car navigation devices
ranges from 6 to 8 inches (15.24 to 20.32 cm). Furthermore,
the screen size of liquid crystal display devices used for
personal computers ranges from 14 to 20 inches (35.56 to
50.8 cm), and the screen size greater than 20 inches are also
used for personal computers. With such an increase of the
screen size, linear light source devices need to be elongated,
and the size of planar light emitting devices needs to be
increased. Also, the number of light emitting elements as light
sources needs to be increased in order to maintain the lumi-
nance.

[0008] However, according to the structure disclosed in
Patent Document 1, the increase in the number of the chip
LEDs makes it difficult to cause light to uniformly enter into
the light guide plate. As a result, the luminance unevenness is
caused in the planar light emitting device. This is because of
the following reason. In order to cause light to uniformly enter
into the light guide plate, the chip LEDs need to be arranged
by aligning positions and orientations thereof such that the
linearity to the light guide plate is maintained. If the number
of the chip LEDs is large, it is difficult to align the positions
and the orientations of all the chip LEDs when printing a
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solder paste on a substrate to arrange the chip LEDs or when
performing soldering in reflow processing. For example, if
one of the chip LEDs is misaligned to the side of the light
guide plate, only a point where the misalignment occurs is
brighter than other points. This is luminance unevenness. The
increase in the number of the chip LEDs heightens the pos-
sibility of occurrence of such a misalignment.

[0009] Likewise, the above problem also occurs in the
structure disclosed in Patent Document 2 in which all the light
emitting elements are mounted on one substrate and are
modularized. Furthermore, according to the structure dis-
closed in Patent Document 2, the modularization is pet-
formed by combining the substrate and the resin whose
expansion coefficients are different from each other. Accord-
ingly, if the linear light source device is elongated, the linear
light source device might be distorted caused by heat gener-
ated by the light emitting elements due to the difference in
expansion coefficient, for example. If the linear light source
device is distorted as described above, distances between
each of the light emitting elements and the light guide plate
are not uniform, and it is difficult to cause light to uniformly
enter into the light guide plate. This causes the luminance
unevenness.

[0010] In view of the above problem, the present invention
mainly aims to provide a linear light source device that hardly
causes the luminance unevenness even if the linear light
source device is elongated in accordance with the increase in
screen size of liquid crystal display devices. The present
invention also aims to provide a planar light emitting device
and a liquid crystal display device with reduced luminance
unevenness including such a linear light source device.

Means to Solve the Problems

[0011] In order to solve the above problem, the linear light
source device according to the present invention is a linear
light source device arranged on a lateral surface that is a light
incident surface of a light guide plate, the linear light source
device comprising: a plurality of linear light source assem-
blies each including an elongated sub substrate and a plurality
of light emitting elements linearly mounted on one of main
surfaces of the sub substrate; and a main substrate having
mounted thereon the linear light source assemblies.

EFFECT OF THE INVENTION

[0012] With the above structure, even if the linear light
source device is elongated, positions and orientations of the
light emitting elements are easily aligned by shortening each
of the linear light source assemblies. In other words, it is
unnecessary to align the positions and the orientations of all
the light emitting elements at a time, unlike the structures
disclosed in Patent Document 1 and Patent Document 2. It is
possibleto easily align the positions and the orientations of all
the light emitting elements by aligning the positions and the
orientations of the light emitting elements for each of the
linear light source assemblies individually, and then aligning
positions and orientations of the linear light source assem-
blies. Furthermore, since the linear light source assemblies
are hardly distorted due to the shortening thereof, it is easy to
maintain to uniform the distances between each of the light
emitting elements and the light guide plate. Accordingly, it is
possible to cause light to uniformly enter into the light guide
plate, and the luminance unevenness is hardly caused.
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[0013] Also, in the linear light source device according to
the present invention, the linear light source assemblies each
including a sub substrate having mounted thereon a plurality
of light emitting elements are further mounted on the main
substrate. Therefore, heat generated by the light emitting
elements is conducted to the sub substrate, and the heat is
dissipated from a face of the sub substrate to the surround-
ings. Also, the heat is conducted to the main substrate, and the
heat is dissipated from a face of the main substrate to the
surroundings. Therefore, high heat dissipation effect is
achieved and the temperature of the light emitting elements
hardly becomes high, compared with the structures disclosed
in Patent Document 1 and Patent Document 2 in which all the
light emitting elements are mounted on one substrate. There-
fore, the light emitting elements are longer lasting, and the
linear light source device is also longer lasting. Furthermore,
since the high heat dissipation effect is achieved, the light
emitting elements hardly generate high heat even if large
currents are supplied to the light emitting elements. This
makes it possible to supply large currents to the light emitting
elements so as to cause the planar light emitting device to
have high luminance.

[0014] Furthermore, the linear light source device accord-
ing to the present invention includes the linear light source
assemblies that are hardly distorted as described above.
Therefore, no large gaps are generated between each of the
linear light source assemblies and the main substrate. As a
result, heat conducted to the sub substrate is easily conducted
to the main substrate, and this improves the heat dissipation
effect.

[0015] Furthermore, if the number of the light emitting
elements increases, the following problems occur. The size of
the substrate increases because of the size increase in a wiring
gap caused by the complicated wiring, time and effort for
mounting the light emitting elements increase, and connec-
tion defects easily occur in accordance with the increase in the
number of connections. However, in the linear light source
device according to the present invention, a primary wiring of
the light emitting elements is completed for each of the linear
light source assemblies, and therefore the wiring of the main
substrate having mounted thereon the linear light source
assemblies can be simplified. Therefore, the size of the main
substrate can be reduced. Time and effort for mounting the
light emitting elements can be reduced. Furthermore, the
connection defects hardly occur.

[0016] The linear light source assemblies may be substan-
tially linearly arranged such that longitudinal directions of the
sub substrates are the same.

[0017] With this structure, the linearity to the light guide
plate has only to be maintained for each of the linear light
source assemblies, and the linearity to the light guide plate
does not have to be maintained for each of the light emitting
elements. Accordingly, positions and orientations of the light
emitting elements can be easily aligned when printing a sol-
der paste on a predetermined position of the main substrate to
arrange the linear light source assemblies or when performing
soldering in reflow processing. As a result, the linearity of the
light emitting elements to the light guide plate can be main-
tained.

[0018] Also, each of the sub substrates may be connected
with the main substrate via a power terminal and a heat
conductive terminal.

[0019] With this structure, heat conducted to the sub sub-
strate is conducted to the main substrate, not only via the
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power terminal or via dissipation through the gaps generated
between each of the sub substrates and the main substrate, but
also via the heat conductive terminal. Accordingly, the high
heat dissipation effect is achieved.

[0020] By the way, in the reflow processing for mounting
the linear light source assemblies on the main substrate, if a
position of one of the linear light source assemblies is mis-
aligned and as a result one end thereof becomes closer to the
light guide plate and the other end becomes farer from the
light guide plate, the luminance in a position of the linear light
source assembly closer to the light guide plate is higher, and
the luminance in a position of the linear light source assembly
farer from the light guide plate is lower. This makes it impos-
sible to cause light to uniformly enter into the light guide
plate. If the sub substrate is connected with the main substrate
only via the power terminal, such misalignment of the linear
light source assembly is easily caused. In the linear light
source device according to the present invention, the sub
substrate is connected with the main substrate not only viathe
power terminal but also via the heat conductive terminal.
Therefore, since the misalignment is hardly caused, the lumi-
nance unevenness is hardly caused.

[0021] Also, the heat conductive terminal may be provided
on another one of the main surfaces of the sub substrate so as
to correspond to a position where the light emitting elements
are mounted.

[0022] With this structure, the heat generated by the light
emitting elements can be conducted to the main substrate
from a position of the sub substrate close to the light emitting
elements. Therefore, the high heat conductive effect is
achieved, and as a result, the high heat dissipation effect is
achieved.

[0023] Also, the heat conductive terminal may be con-
nected with a wiring pattern having conductively mounted
thereon the light emitting elements via a through hole formed
in the sub substrate.

[0024] With this structure, the heat generated by the light
emitting elements is conducted from the conductively
mounted wiring pattern to the heat conductive terminal via
the through hole, and then the heat is further conducted to the
main substrate. Therefore, the high heat dissipation effect is
achieved.

[0025] Also, the through hole may be filled with resin.

[0026] With thisstructure, itis possible to make the through
hole solid. Accordingly, the heat can be conducted not only
via the through hole but also via the resin. Also, by using a
high heat conductive resin, it is possible to further improve
the heat dissipation effect.

[0027] Also, the sub substrate may be a ceramic substrate,
and the main substrate may include an aluminum plate having
attached thereto an insulating substrate having formed
thereon a wiring pattern.

[0028] With this structure, the heat dissipation effect can be
further improved.

[0029] Also, each of the linear light source assemblies may
include a reflecting member that reflects light output from the
light emitting elements in a light take-out direction.

[0030] With this structure, light output from the light emit-
ting elements in the lateral direction can be reflected in the
light take-out direction. Therefore, the luminance of the pla-
nar light emitting device can be improved. Note that the
reflecting members may be arranged alternately with the light
emitting elements, and the number of the light emitting ele-
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ments provided between each adjacent two of the reflecting
members canbe determined appropriately in accordance with
the necessary luminance.

[0031] Also, an integral multiple of a length of each of the
sub substrates in a longitudinal direction may be substantially
equal to a length of the lateral surface of the light guide plate.
[0032] With this structure, there is no need to prepare linear
light source devices having various lengths in accordance
with the screen size of liquid crystal display devices. For
example, screens of liquid crystal display devices used for car
navigation devices and personal computers are graduated in
size with a constant size difference. In accordance with the
screen size, light guide plates are also graduated in size. If an
integral multiple of a length of the linear light source assem-
bly is substantially equal to a length of a lateral surface of a
light guide plate, a linear light source device having a length
appropriate for the light guide plate can be obtained by only
arranging a necessary number of the linear light source
assemblies linearly. Furthermore, by simply preparing the
linear light source assemblies having a uniform length equal
to the size difference, the linear light source device can be
used for various screen sizes. That is, the linear light source
device can be used for various screen sizes by increasing the
linear light source assemblies by one piece for each time
screen size increases by one grade.

[0033] The planarlight emitting device and the liquid crys-
tal display device according to the present invention include
the above linear light source device, and therefore luminance
unevenness is difficult to be caused.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a perspective view and a partial enlarged
view showing a linear light source device according to an
embodiment;

[0035] FIG. 2 is a perspective view showing a linear light
source assembly of the linear light source device according to
the embodiment;

[0036] FIG. 3 shows the relation between screen sizes of a
liquid crystal display device including the linear light source
device according to the embodiment used as a light source of
aplanar light emitting device and lengths of a sub substrate of
the linear light source assembly;

[0037] FIG.41is apartial enlarged sectional view showing a
connection part between the linear light source assembly and
amain substrate of the linear light source device according to
the embodiment;

[0038] FIG. 5 shows an outline structure of the planar light
emitting device including the linear light source device
according to the embodiment, where FI1G. 5A is a side view
thereof and FIG. 5B is a front view thereof;

[0039] FIG. 6 is a sectional view showing the linear light
source device according to the embodiment arranged on a
lateral surface of a light guide plate;

[0040] FIG. 7 is a sectional view showing an outline struc-
ture ofa liquid crystal display device including the linear light
source device according to the embodiment;

[0041] FIG. 8 shows a manufacturing method of the linear
light source device according to the embodiment;

[0042] FIG. 9 shows the manufacturing method of the lin-
ear light source device according to the embodiment;

[0043] FIG. 10 shows the manufacturing method of the
linear light source device according to the embodiment;
[0044] FIG. 11 shows the manufacturing method of the
linear light source device according to the embodiment;
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[0045] FIG. 12 shows the manufacturing method of the
linear light source device according to the embodiment; and
[0046] FIG. 13 is a partial enlarged sectional view showing
a connection part between a linear light source assembly and
amain substrate of a linear light source device according to a
modification of the embodiment.

DESCRIPTION OF CHARACTERS

[0047] 1: linear light source device
[0048] 2: main substrate

[0049] 2a: widened portion

[0050] 2b: connection terminal
[0051] 3: linear light source assembly
[0052] 3a: sub substrate

[0053] 3a-1: mounting surface

[0054] 3a-2: connection surface
[0055] 3b: light emitting element
[0056] 3c: reflecting member

[0057] 3c-1: inclined surface

[0058] 3d: resin sealing member
[0059] 3e: power terminal

[0060] 3g: mounting base

[0061] 3f: heat conductive terminal (alignment terminal)
[0062] 4. circuit

[0063] 5: light guide plate

[0064] Sa: lateral surface

[0065] 5b: main light outputting surface
[0066] Sc: reflecting surface

[0067] 6: reflecting plate

[0068] 7a: upper reflecting sheet
[0069] 7b: lower reflecting sheet
[0070] 10: substrate material

[0071] 11: frame

[0072] 1la: opening

[0073] 12: resin sealing layer

[0074] 15: linear light source device

[0075] 16: heat conductive terminal (alignment termi-
nal)

[0076] 17: wiring pattern

[0077] 18: through hole

[0078] 19: resin

[0079] 20: planer light emitting device

[0080] 21: liquid crystal display device

[0081] 22: liquid crystal display unit

[0082] F: main light take-out direction
BEST MODE FOR CARRYING OUT THE
INVENTION
Embodiment

[0083] The following describes a structure of a linear light
source device according to an embodiment of the present
invention, with reference to FIG. 1 to FIG. 4. FIG. 1 is a
perspective view and a partial enlarged view showing a linear
light source device according to the embodiment. FIG. 2 is a
perspective view showing a linear light source assembly of
the linear light source device according to the embodiment.
FIG. 3 shows the relation between screen sizes of a liquid
crystal display device including the linear light source device
according to the embodiment used as a light source ofa planar
light emitting device and lengths of a sub substrate of the
linear light source assembly. FIG. 4 is a partial enlarged
sectional view showing a connection part between the linear
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light source assembly and a main substrate of the linear light
source device according to the embodiment.

[0084] As shown in FIG. 1, a linear light source device 1
includes an elongated main substrate 2 having mounted
thereon 11 linear light source assemblies 3. The linear light
source device 1 is used as a light source of planar light
emitting devices of 11-inch (27.9-cm) liquid crystal display
devices, and is mounted on B5-size notebook personal com-
puters.

[0085] Each ofthelinear light source assemblies 3 mounted
on the main substrate 2 is arranged substantially linearly such
that longitudinal directions of elongated sub substrates 3a are
the same. There is a gap of approximately 0.15 mm between
each adjacent two of the linear light source assemblies 3.
[0086] The main substrate 2 has a length of approximately
25 em and a width at both ends of approximately 6.0 mm, and
is formed by attaching a glass epoxy substrate, which is an
insulating substrate having formed thereon a wiring pattern,
to an aluminum plate base. The main substrate 2 has mounted
thereon a circuit 4, which controls currents flowing through
the linear light source assemblies 3 and is provided on a
widened portion 2a having a partially widened width.
[0087] As shown in FIG. 2, each of the linear light source
assemblies 3 includes the sub substrate 3q, eight light emit-
ting elements 35 as light sources that are mounted on the sub
substrate 3a, reflecting members 3¢, and a resin sealing mem-
ber 3d that seals the light emitting elements 35. Between each
adjacent two of the reflecting members 3¢, two light emitting
elements 35 are provided. Note that although single linear
light source assembly 3 is composed of eight light emitting
elements 3b here, the linear light source device of the present
invention is not limited to this number of the eight light
emitting elements 35. Single linear light source assembly 3
may be composed of any number of the light emitting ele-
ments 3b.

[0088] The sub substrate 3a is a ceramic substrate having a
length of approximately 22 mm and a width of approximately
0.8 mm. The sub substrate 3a is adjusted to have a length
whose integral multiple is substantially equal to a length of
one of lateral surfaces of a light guide plate.

[0089] The following describes, with reference to FIG. 3,
the relation between screen sizes of a liquid crystal display
device including the linear light source device 1 used as a light
source of a planar light emitting device and lengths of the sub
substrate 3a of the linear light source assembly 3.

[0090] As shown in FIG. 3, generally, liquid crystal display
devices of notebook personal computers have screens that are
graduated in size from 7 to 11 inches. For example, the screen
size includes 7 inches (a Product A), 9 inches (a Product B),
and 11 inches (a Product C). Also, such screens have an aspect
ratio of 16:9, which is a landscape aspect ratio referred to as
a “wide aspect ratio”.

[0091] For example, the Product A has a screen size of 7
inches, which represents a length of a diagonal line of a
screen. The Product A has an aspect ratio of 16:9, and there-
forehas a width of approximately 154.966 mm and a height of
approximately 87.168 mm. A liquid crystal display device
having a screen size of 8 inches has a width of approximately
177.104 mm and a height of approximately 99.621 mm.
Accordingly, the difference in width between the 7-inch
Product A and the 8-inch product is approximately 22.138
mm. Likewise, a difference in width between the 8-inch Prod-
uct and the 9-inch Product B, a difference in width between
the 9-inch Product B and a 10-inch product, and the difference
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in width between the 10-inch product and the 11-inch Product
C are approximately 22.138 mm. If this length of approxi-
mately 22.138 mm is set as a length in the longitudinal direc-
tion of the sub substrate 3a, that is, a length in the longitudinal
direction of the linear light source assembly 3, a light guide
plate of a 7-inch liquid crystal display device having mounted
thereon seven linear light source assemblies 3 can be used for
the Product A, and a light guide plate of a 9-inch liquid crystal
display device having mounted thereon nine linear light
source assemblies 3 can be used for the Product B. If the linear
light source assemblies 3 having a uniform length are pre-
pared as described above, it is possible to use the linear light
source assemblies 3 having a uniform length for liquid crystal
display devices with various screen sizes by adding one linear
light source assembly 3 as a screen size of liquid crystal
display devices increases by one size.

[0092] When the linear light source assemblies 3 each hav-
ing the sub substrate 3a¢ whose length is determined as
described above are arranged on the main substrate 2, a slight
gap needs to be provided between each of the adjacent linear
light source assemblies 3 depending on the accuracy of a
mounter that mounts the linear light source assemblies 3 on
the main substrate 2. Therefore, if the sub substrates 3a are
uniformed to have a length of approximately 22.138 mm, the
entire length of the linear light source device 1 is longer than
a width of the liquid crystal display device because of gaps
provided between each of the adjacent linear light source
assemblies 3. However, even if the number of the gaps that is
the same as the number of the linear light source assemblies 3
are provided, the gaps are minute compared with the entire
length of the linear light source device 1 in which the linear
light source assemblies 3 are linearly arranged. Therefore, the
gaps do not have influence on the determination of the length
of the sub substrate 3a of the linear light source assembly 3.
Also, if the standard length of the linear light source assembly
3 is set as approximately 22.138 mm as described above, the
sub substrate 3¢ may have a length of approximately 22 mm
and each gap may have a length of approximately 0.138 mm,
such that the total length of the sub substrate 3a and the gaps
is approximately 22.138 mm.

[0093] Returning to FIG. 2, in the sub substrate 3a, the light
emitting elements 35 are mounted on a mounting surface 3a-1
by die-bonding, and a wiring pattern conductively connected
with a cathode and a wiring pattern conductively connected
with an anode on the light emitting element 35 via a wire are
provided.

[0094] Eight light emitting elements 35 included in each of
the linear light source assemblies 3 are connected in series
within the linear light source assembly 3, and the constant
current control is performed using driver systems which are
separately provided for each of the linear light source assem-
blies 3. The circuit 4 of the main substrate 2 includes a drive
circuit using a general-purpose multichannel constant current
driver IC for performing the constant current control.

[0095] Thelightemitting elements 35 are arranged in serial
eight by eight. This is because of the following reasons.
Parallel drive of the light emitting elements 35 causes great
variations in currents flowing through the light emitting ele-
ments 3b even due to slight variations in properties, and it is
difficult for the light emitting elements 34 to uniformly emit
light. However, the present invention is not limited to this
structure. Alternatively, parallel drive of the light emitting
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elements 3 may be performed by individually selecting each
of the light emitting elements 35, for example, to uniform
properties.

[0096] By defining one linear light source assembly 3 as
one system as described above, the wiring pattern of the main
substrate 2 can be simplified, and therefore the width of the
main substrate 2 can be reduced. As a result, a whole size of
the linear light source device 1 can be reduced.

[0097] However, the present invention is not limited to this
definition of one linear light source assembly 3 as one system.
Alternatively, 88 light emitting elements 35 included in 11
linear light source assemblies 3 may be connected in series
and defined as one system. If this is the case, although a high
drive voltage is necessary, the number of connections can be
further reduced.

[0098] However, if the number of the light emitting ele-
ments 35 to be mounted on one linear light source assembly 3
is too small, it is difficult to exhibit an effect due to the
modularization. On the other hand, the number of the light
emitting elements 35 to be mounted on one linear light source
assembly 3 istoo large, occurrence of defects in any one of the
light emitting elements 35 makes it impossible to use the
entire linear light source assembly 3, and this decreases the
manufacturing vield. Accordingly, the number of the light
emitting elements 35 to be mounted on one linear light source
assembly 3 is preferably not more than 20.

[0099] The circuit 4 is formed on the main substrate 2. Due
to this, connection with outside is performed via only a power
line for activating circuits and a control signal line for adjust-
ing the luminance, and the line connection is simplified. How-
ever, the present invention is not limited to this structure.
Alternatively, only the linear light source assemblies 3 may be
mounted on the main substrate 2, and the circuit 4 may be
structured outside. If this is the case, although the number of
connections with outside increases, the size of the main sub-
strate 2 can be further reduced.

[0100] In the sub substrate 3a, the power terminals 3e,
which are connection terminals for connection with the main
substrate 2, are provided at the both ends of the connection
surface 3a-2, which is opposite to the mounting surface 3a-1.
The power terminals 3e are connected with the power pattern
that is one of the wiring patterns formed on the main substrate
2. This connection supplies a voltage for causing the light
emitting elements 35 to emit light.

[0101] AsshowninFIG. 4, in the sub substrate 3a, one heat
conductive terminal (alignment terminal) 3/'is provided on
the connection surface 3a-2 of the sub substrate 3a so as to
correspond to a position where two light emitting elements 35
are mounted. The connection terminal 24 that is one of the
wiring patterns connecting with the heat conductive terminal
3f'is provided on the main substrate 2. The heat conductive
terminal 3/ provided on the sub substrate 3a and the connec-
tion terminal 26 provided on the main substrate 2 are not
connected with other wiring patterns.

[0102] The light emitting elements 35 are mounted on the
mounting base 3g of the wiring pattern formed on the mount-
ing surface 3a-1 of the sub substrate 3a. The mounting base
3¢ made of Ag having high reflectivity reflects light output
from the light emitting elements 35 toward the sub substrate
3a. Therefore, the luminance efficiency can be improved.

[0103] Returning to FIG. 2, light emitting elements that
output white light using a GaN compound semiconductor can
be used for the light emitting elements 34. In the embodiment,
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between each adjacent two of the reflecting members 3¢, two
light emitting elements 35 are provided.

[0104] Each ofthereflecting members 3¢ of the linear light
source assembly 3 is made of PPA (polyphthalamide) resin,
and includes an inclined surface 3¢-1 that is formed such that
light output from the light emitting element 35 in the longi-
tudinal direction is reflected in a main light take-out direction
F of the linear light source assembly 3.

[0105] Note that the present invention is not limited to the
structure where one reflecting member 3¢ is provided for each
two light emitting elements 3b. Alternatively, the reflecting
member 3¢ may be provided for each any arbitrary number of
the light emitting elements 3b, for example, for each light
emitting element 35, for each three light emitting elements
3b, etc. Also, there may be a case where the reflecting mem-
bers 3¢ are not provided.

[0106] The resin sealing member 34 includes the sub sub-
strate 3a as a bottom surface, and epoxy resin fills depressions
of the resin sealing member 34 whose wall surfaces are the
reflecting members 3¢ that are positioned at both ends thereof
so as to seal the light emitting elements 35.

[0107] Next, the following describes a structure of a planar
light emitting device including the linear light source device
1 arranged on a light guide plate, with reference to FI1G. 5 and
FIG. 6. FIG. 5 shows an outline structure of a planar light
emitting device including the linear light source device
according to the embodiment, where FIG. 5A is a side view
thereof and FIG. 5B is a front view thereof. FIG. 6 is a
sectional view of the linear light source device according to
the embodiment arranged on the lateral surface of the light
guide plate.

[0108] AsshowninFIG.5, aplanarlight emitting device 20
includes the linear light source device 1 and the light guide
plate 5. The light guide plate 5 is a rectangle plate made of
acrylic or polycarbonate, and has a width of approximately
24.5 cm, a height of approximately 14.0 cm, and a thickness
of approximately 2 mm. The light guide plate 5 receives
incident light by a light incident surface thereof, reflects the
light to cause the light to travel inside the light guide plate 5,
and outputs the light from a top surface thereof as a main light
outputting surface 55.

[0109] As shown in FIG. 6, in the planar light emitting
device 20, the mounting surface 3a-1 of the sub substrate 3a
having mounted thereon the light emitting element 35 is
arranged opposite to a lateral surface 5a, which is the light
incident surface of the light guide plate 5. Also, the lateral
surface 5a that is the light incident surface of the light guide
plate 5 is formed to have a width of 2 mm, which is a width
wider than a width of the mounting surface 3a-1. A reflecting
plate 6 is arranged on the light guide plate 5 so as to face the
reflecting surface 5¢, which is in an opposite side to the main
light outputting surface 5b.

[0110] The linear light source device 1 and the light guide
plate 5 are arranged such that the center in the width direction
of the sub substrate 3a of the linear light source assembly 3
coincides with the center in the width direction of the lateral
surface 5a of the light guide plate 5.

[0111] An upper reflecting sheet 7a and a lower reflecting
sheet 7b each having a strip shape are arranged so as to hold
the sub substrate 3a of the linear light source assembly 3 and
the lateral surface Sa that is the light incident surface of the
light guide plate 5, and to gradually widen a gap between the
upper reflecting sheet 7a and the lower reflecting sheet 75
toward the light incident surface.
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[0112] As materials of the upper reflecting sheet 7a and the
lower reflecting sheet 75, an ESR film (made by Sumitomo
3MLtd.) can be used for example, and other materials may be
also used as long as light can be reflected. Alternatively, a
metallic foil having metallic luster, Ag sheet, and the like may
be used.

[0113] Next, the following describes a structure of a liquid
crystal display device including the planar light emitting
device 20, with reference to FIG. 7. FIG. 7 is a sectional view
of an outline structure of a liquid crystal display device
including the linear light source device according to the
embodiment.

[0114] A liquid crystal display device 21 includes the pla-
nar light emitting device 20 and a liquid crystal display unit
22. The liquid crystal display unit 22 is arranged on a side of
the main light outputting surface 55 of the light guide plate 5
included in the planar light emitting device 20.

[0115] Next, the following describes a manufacturing
method of the linear light source device 1 having the structure
described above according to the embodiment of the present
invention, with reference to FIG. 8 to FIG. 12. FIG. 8 to FIG.
12 respectively describe a manufacturing method of the linear
light source device according to the embodiment of the
present invention. Firstly, a manufacturing method of the
linear light source assembly 3 is described.

[0116] As shown in FIG. 8, a substrate material 10 is firstly
prepared, which is to be formed as the elongated sub substrate
3a of the linear light source assembly 3. The substrate mate-
rial 10 is a rectangular BT resin substrate having a height of
approximately 7.0 cm and a width of approximately 5.0cm. A
wiring pattern having mounted thereon the light emitting
elements 356 1s formed on the substrate material 10, though not
shown in the drawing.

[0117] After preparing the substrate material 10, a mount-
ing process is performed as shown in FIG. 9, in which the light
emitting elements 35 are linearly arranged two by two at
predetermined positions of the wiring pattern formed on the
substrate material 10.

[0118] Next, as shown in FIG. 10, a frame 11 having rect-
angular openings 11a is arranged such that the rectangular
openings 11a correspond to the light emitting elements 35
that are linearly arranged, and then the frame 11 is attached to
the substrate material 10 using an adhesive. The frame 11 to
be formed as the reflecting member 3¢ has the openings 11a
whose edges are inclined so as to become gradually narrow
toward an attaching surface between the frame 11 and the
substrate material 10. This inclined surface is formed to be the
inclined surface 3¢-1. FIG. 11 shows the frame 11 attached to
the substrate material 10.

[0119] As shown in FIG. 12, the resin sealing layer 12 is
formed by attaching the frame 11 to the substrate material 10
and filling the openings 11a with epoxy resin, so as to cover
the light emitting elements 35 that are linearly arranged.
[0120] Then, a cut process is performed in which the sub-
strate material 10 having formed thereon the resin sealing
layer 12 is cut into pieces using a blade at positions for
example shown by chain lines in FIG. 12, such that the light
emitting elements 3b are arranged in the horizontal line.
Through this cut process, the linear light source assembly 3 as
shown in FIG. 2 is completed.

[0121] The linear light source assembly 3 formed as
described above is mounted on the main substrate 2 such that
the power terminals 3¢ and the heat conductive terminal 3f'of
the linear light source assembly 3 correspond to the power
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pattern having printed thereon the soldering paste and the
connection terminal 26 of the main substrate 2. Furthermore,
the circuit 4 is mounted on the main substrate 2.

[0122] The linear light source assembly 3 is made of the
elongated sub substrate 3a, and therefore the linearity thereof
is easily maintained. Moreover, on the linear light source
device 1 shown in FIG. 1, only 11 linear light source assem-
blies 3 are mounted. This can reduce the number of the linear
light source assemblies 3 to be mounted, compared with a
case where chip LEDs are mounted one by one on the linear
light source device 1. Therefore, the necessary degree of the
mounting accuracy is reduced.

[0123] After the linear light source assemblies 3 and the
circuit 4 are mounted on the main substrate 2, reflow process-
ing is performed to fix the linear light source assemblies 3 and
the circuit 4. The linear light source assemblies 3 are con-
nected with the main substrate 2 not only via the power
terminals 3e and the power pattern but also via the heat
conductive terminal 3/ and the connection terminal 25. This
can easily prevent the reflow processing from causing the
misalignment between the linear light source assemblies 3
and the circuit 4. The linear light source device 1 can be
formed in this way.

[0124] Also, when the reflow processing is performed, a
distortion stress is generated due to the difference in expan-
sion coefficient between the resin sealing member 3d that
seals the light emitting elements 35 of the linear light source
assembly 3 and the sub substrate 3a. However, since the linear
light source device 1 has the structure in which a plurality of
the linear light source assemblies 3 are mounted on the main
substrate 2, each of the linear light source assemblies 3 can be
shortened. Accordingly, even if the light emitting elements 35
are sealed with resin, the distortion stress generated in mount-
ing the linear light source assemblies 3 on the main substrate
2 can be suppressed, and such distortion is hardly caused.

[0125] Ifalinearlight source deviceis composed ofasingle
linear light source assembly having an entire length that is the
same as a length of a lateral surface of'a wide light guide plate
and the reflow processing is performed on the linear light
source device, a sub substrate might be distorted. In such a
case, distances between each light emitting element and the
light guide plate cannot be uniformed, and therefore the lumi-
nance uneverness is caused.

[0126] Itis possible to mount the linear light source device
1 according to the embodiment on the main substrate 2 with-
out distortion of the sub substrate 3a by mounting the plural-
ity of the linear light source assemblies 3 on the main sub-
strate 2. Accordingly, distances between each of the light
emitting elements 35 mounted on the sub substrate 3a and the
light guide plate can be uniformed, and therefore the lumi-
nance unevenness is not caused. Furthermore, when the linear
light source assemblies 3 are mounted on the main substrate
2, the sub substrate 3a 1s not distorted, and therefore the linear
light source assemblies 3 can be mounted on the main sub-
strate 2 with few gaps generated therebetween. Accordingly,
heat conducted to the sub substrate 3a from the light emitting
elements 35 is easily conducted to the main substrate 2. This
can improve the heat dissipation effect.

[0127] Next, the following describes a method of arranging
the linear light source device 1 on the light guide plate 5 in
order to cause the linear light source device 1 to function as
the planar light emitting device 20 according to the embodi-
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ment. Firstly, the light guide plate 5 is prepared, which has the
reflecting surface 5¢ as a bottom surface thereof on which the
reflecting plate 6 is provided.

[0128] As shown in FIG. 6, the linear light source device 1
and the lateral surface Sa of the light guide plate 5 are
arranged with a predetermined gap therebetween such that
the center in the width direction of the sub substrate 3a of the
linear light source device 1 coincides with the center in the
widthdirection of the lateral surface 5a of the light guide plate
5. Then, the upper reflecting sheet 7a and the lower reflecting
sheet 7b are attached to lateral surfaces of the sub substrate 3a
and edges of the light guide plate 5 to hold the sub substrate 3a
and the light incident surface of the light guide plate 5, so as
to cover the mounting surface 3a-1 of the linear light source
assembly 3.

[0129] Next, the following describes the linear light source
device 1 according to the embodiment and use of the planar
light emitting device 20 using the linear light source device 1,
with reference to FIG. 1 to F1G. 4.

[0130] As shown in FIG. 1 and FIG. 2, when the main
substrate 2 is energized, a current is supplied to the light
emitting elements 35 via the power pattern and the power
terminals 3e of the sub substrate 3a to cause the light emitting
elements 3b to emit light.

[0131] Thelight output from the light emitting elements 35
in the main light take-out direction F directly enters into the
lateral surface 5a of the light guide plate 5. Also, light output
from the light emitting elements 35 toward the reflecting
member 3¢ is reflected by the reflecting member 3¢ and
directly enters into the lateral surface 5a of the light guide
plate 5, or thelight is reflected by the upper reflecting sheet 7a
and the lower reflecting sheet 75 and then enters into the
lateral surface 5a of the light guide plate 5. Furthermore, light
output from the light emitting elements 35 in the horizontal
direction of the sub substrate 3a passes through the resin
sealing member 3d. Then, the light is reflected by the upper
reflecting sheet 7a and the lower reflecting sheet 74, and
enters into the lateral surface 5a of the light guide plate 5.
[0132] As shown in FIG. 6, in the planar light emitting
device 20, the linear light source device 1 is arranged on the
light guide plate 5 whose lateral surface 5a having a width
larger than a width ofthe sub substrate 3a, such that the center
in the width direction of the sub substrate 3a coincides with
the center in the width direction of the lateral surface Sa. The
upper reflecting sheet 7a and the lower reflecting sheet 75 are
arranged so as to hold the sub substrate 3¢ and the edges of the
light guide plate 5. The upper reflecting sheet 7a and the lower
reflecting sheet 75 are inclined so as to gradually widen a gap
generated therebetween toward the lateral surface 5a to form
a reflecting surface. Therefore, light output from the light
emitting elements 35 passes through the resin sealing mem-
ber 3d in the horizontal direction of the sub substrate 3a, and
is reflected by the upper reflecting sheet 7¢ and the lower
reflecting sheet 75. All the reflected light travels in the direc-
tion of the lateral surface 5a ofthe light guide plate 5. Accord-
ingly, the light can be caused to efficiently enter into the
lateral surface 5a of the light guide plate 5.

[0133] When the light emitting elements 35 are caused to
emit light, the light emitting elements 35 generate heat. As
shown in FIG. 4, the heat generated by the light emitting
elements 35 is conducted to the sub substrates 3a of the linear
light source device 1 and is dissipated to the surroundings.
Also, the heat is conducted to the main substrate 2 via the
power terminals 3¢ and the heat conductive terminal (align-
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ment terminal) 3. Especially, the heat conductive terminal 3/
is provided on the connection surface 3a-2 of the sub sub-
strate 3a so as to correspond to a position where the light
emitting elements 3b are mounted. Accordingly, the heat
conductive terminal 3/ conducts heat more easily than the
power terminals 3e provided on the edges of the sub substrate
3a. Also, since gaps provided between each of the sub sub-
strates 3a and the main substrate 2 are slight, there is a route
for dissipating heat to the main substrate 2 via the sub sub-
strate 3a.

[0134] The heat conducted to the main substrate 2 is con-
ducted to the aluminum plate base via the glass epoxy sub-
strate of the main substrate 2, and then the heat is dissipated.
This prevents the temperature of the entire linear light source
device 1 from becoming high.

[0135] For example, assume that a planar light emitting
device includes the main substrate 2 having individually
mounted thereon chip LEDs. Heat generated from the chip
LEDs is dissipated to the main substrate 2 through areas
where the chip LEDs face the main substrate 2. However, in
the linear light source device 1 of the embodiment, the linear
light source assemblies 3 each having mounted thereon the
light emitting elements 25 are arranged on the main substrate
2. Accordingly, a surface that dissipates heat to the main
substrate 2 is the connection surface that is a bottom surface
of the sub substrate 3 of each of the linear light source assem-
blies 3. Therefore, an area of the main substrate 2 that faces
one light emitting element 35 to can be widened, compared
with a case where chip LEDs are individually mounted on the
main substrate 2. That is, by arranging the linear light source
assemblies 3 each having mounted thereon the light emitting
elements 35 on the main substrate 2, the high heat dissipation
effect can be achieved.

[0136] Furthermore, the upper reflecting sheet 7a and the
lower reflecting sheet 75 are attached to the planar light
emitting device 20. Accordingly, by forming the upper
reflecting sheet 7a and the lower reflecting sheet 75 using
metallic foil, the upper reflecting sheet 7a and the lower
reflecting sheet 75 using metallic foil function as heat dissi-
pation plates. Therefore, the upper reflecting sheet 7a and the
lower reflecting sheet 75 can improve the heat dissipation
effect while improving the luminance efficiency of the planar
light emitting device 20.

[0137] Next, the following describes a linear light source
device 15 according to a modification of the embodiment,
with reference to FIG. 13. FIG. 13 shows a linear light source
device according to the modification of the embodiment of
the present invention. Note that compositional elements in
FIG. 13 having the same functions as those in F1G. 4 have the
same signs as those in FIG. 4, and therefore the description
thereof is omitted here.

[0138] As shown in FIG. 13, in the linear light source
device 15 according to the modification, a main substrate 2 is
connected with a sub substrate 3a of each of linear light
source assemblies 3 viaa heat conductive terminal (alignment
terminal) 16 provided on a connection surface of the sub
substrate 3a and a connection terminal 25 provided on the
main substrate 2.

[0139] The heat conductive terminal 16 is provided on an
opposite side of the connection surface where the light emit-
ting elements 35 are mounted, and is connected with a wiring
pattern 17 that is conductively connected with an anode hav-
ing die-bonded thereto the light emitting elements 35 via a
through hole 18. This through hole 181s filled with a resin 19.
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[0140] Since the sub substrate 3a is connected with the
main substrate 2 as described above, heat generated by the
light emitting elements 34 can be conducted from the con-
ductively mounted wiring pattern 17 to the heat conductive
terminal (alignment terminal ) 16 via the through hole 18, and
then the heat is conducted to the main substrate 2. Further-
more, the through hole 18 is solid because of being filled with
the resin 19. Accordingly, since heat can be conducted not
only via the through hole 18 but also via the resin 19, the heat
dissipation effect can be improved. Furthermore, it is possible
to further improve the heat dissipation effect by using, as the
resin 19, a metal paste having metal included in resin to
improve heat conductivity.

INDUSTRIAL APPLICABILITY

[0141] Even if the present invention is used with a light
guide plate having a wide screen size, the present invention
can prevent the luminance unevenness by causing light to
uniformly enter into the light guide plate. Furthermore, the
present invention is easily applicable to light guide plates
having various screen sizes, and can achieve the high lumi-
nance and the long operating life due to sufficient heat dissi-
pation. Therefore, the present invention is suitable, as planar
light emitting devices for liquid crystal display devices, for
linear light source devices arranged on one of lateral surfaces
of light guide plates.

1. A linear light source device arranged on a lateral surface
that is a light incident surface of a light guide plate, the linear
light source device comprising:

a plurality of linear light source assemblies each including
an elongated sub substrate and a plurality of light emit-
ting elements linearly mounted on one of main surfaces
of the sub substrate; and

a main substrate having mounted thereon the linear light
source assemblies.

2. The linear light source device of claim 1, wherein

the linear light source assemblies are substantially linearly
arranged such that longitudinal directions of the sub
substrates are the same.

3. The linear light source device of claim 1, wherein

each of the sub substrates is connected with the main sub-
strate via a power terminal and a heat conductive termi-
nal.

4. The linear light source device of claim 3, wherein

the heat conductive terminal is provided on another one of
the main surfaces of the sub substrate so as to correspond
to a position where the light emitting elements are
mounted.

5. The linear light source device of claim 3, wherein

the heat conductive terminal is connected with a wiring
pattern having conductively mounted thereon the light
emitting elements via a through hole formed in the sub
substrate.
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6. The linear light source device of claim 4, wherein

the heat conductive terminal is connected with a wiring
pattern having conductively mounted thereon the light
emitting elements via a through hole formed in the sub
substrate.

7. The linear light source device of claim 5, wherein

the through hole is filled with resin.

8. The linear light source device of claim 6, wherein

the through hole is filled with resin.

9. The linear light source device of claim 1, wherein

the sub substrate is a ceramic substrate, and

the main substrate includes an aluminum plate having
attached thereto an insulating substrate having formed
thereon a wiring pattern.

10. The linear light source device of claim 5, wherein

the sub substrate is a ceramic substrate, and

the main substrate includes an aluminum plate having
attached thereto an insulating substrate having formed
thereon a wiring pattern.

11. The linear light source device of claim 8, wherein

the sub substrate is a ceramic substrate, and

the main substrate includes an aluminum plate having
attached thereto an insulating substrate having formed
thereon a wiring pattern.

12. The linear light source device of claim 1, wherein

each of the linear light source assemblies includes a reflect-
ing member that reflects light output from the light emit-
ting elements in a light take-out direction.

13. The linear light source device of claim 2, wherein

each of the linear light source assemblies includes a reflect-
ing member that reflects light output from the light emit-
ting elements in a light take-out direction.

14. The linear light source device of claim 11, wherein

each of the linear light source assemblies includes a reflect-
ing member that reflects light output from the light emit-
ting elements in a light take-out direction.

15. The linear light source device of claim 1, wherein

an integral multiple of a length of each of the sub substrates
in a longitudinal direction is substantially equal to a
length of the lateral surface of the light guide plate.

16. The linear light source device of claim 2, wherein

an integral multiple of a length of each of the sub substrates
in a longitudinal direction is substantially equal to a
length of the lateral surface of the light guide plate.

17. The linear light source device of claim 14, wherein

an integral multiple of a length of each of the sub substrates
in a longitudinal direction is substantially equal to a
length the lateral surface of the light guide plate.

18. A planar light emitting device comprising the linear

light source device of claim 1 and a light guide plate.

19. A planar light emitting device comprising the linear

light source device of claim 17 and a light guide plate.

20. A liquid crystal display device comprising the planar

light emitting device of claim 18 and a liquid crystal display
unit.
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